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WRITTEN FOR THE SUNDAY nnrUBIJC
Tho material prosperity of the last cen-

tury Is due to the or three
classes of men: the man of science, who
lives only for truth and the discovery of
nature's laws: the Inventor, eager to apply
these discoveries to money-makin- ma-

chines and processes, and the engineer,
trained In mathematical Investigation and
In knowledge of the physical conditions
which govern his profession, which is the
mechanical application of the laws or na-

ture.
Engineering is sometimes divided Into

civil, military and naval engineering. The
term civil engineering, which will be here
described, is often used by writers as cov-ern- ig

structural engineering only, but it
has a much wider meaning.

The logical classification Is: statical en-

gineering, including that of all Iied bodies,
and dynamical, covering the movement of
all bodies by the development and appli-
cation of power.

Statical engineering can be again subdi-
vided into structural engineering, or that
of railways, highways, bridges, foundations,
tunnels, buildings, etc: also, into hydraulic
engineering, which governs the application
of water to canals, rlvor improvements,
harbors, the supply of water to towns and
for Irrigation, disposal of sewage, etc.

Dynamical engineering can be divided
Into mechanical engineering, which covers
the construction of all prime motors, the
transmission of power, and the use of ma-

chines and machine tools: Closely allied is
electrical engineering, the art of the trans-
formation and transmission of energy for
traction, lighting, telegraphy, telephoning,
operating machinery and many other uses,
such as Its electroli tic application to ores
and metals.

Then wo have the combined application
of statical, mechanical and electrical en-

gineering to what is now called industrial
engineering, or the production of articles
useful to man. This may be divided into
agricultural, mining, metallurgical and
chemical engineering.

Surely this is a vast field, and can only
be hastily described in the sketch which we
are about to give.

This Is the oldest of all. We have not
been able to surpass tha works of the past
In grandeur or durability. The pyramids of
Egypt still stand, and will stand fur thou-
sands of years. Roman bridges, aqueducts
and sewers still perform their duties. Jo-
seph's canal still irrigates Lower Egypt.
The great wall of China, running for 1.500

miles over mountains and plains, contains
150,000,000 cubic yards or materials, and is
the greatest of artificial works. No modem
building compares in grandeur with SL
Peter's, and tha mediaeval cathedrals
shame our puny Imitations.

These mighty works were built to hhow
the piety of the church or to gratify the
pride of Kings. Time and money were of
no account. All this has now been changed.
Capital controls, and the question of time,
money and usefulness rules everything.
Hence come scientific design and labor-savin- g

machinery.
The engineer of our modern works first

calculates the-- stresses on all their parf
and proportions them accordingly, so that
there is no waste of material. Hand labor
has given place to steam machinery. All
parts aro interchangeable, so that they
can be made and fitted together in the
least possiblo time, as is seen every day
In the construction of a steel-frame- d office
building. Our workmen receive much higher
wages than in the past, while time and
cost have been diminished.

Building Railways the Greatest
Feat of the Century.

The greatest engineering work of the
Nineteenth Century was the development
of the railway system, which has changed
the face of the world. Beginning in ICO
with the locomotive of George Stephenson,
It has extended with such strides that, aft-
er seventy years there are 466,000 miles of
railways in tho world, of which 190,000

miles are In the United States. Their cost
Is estimated at forty thousand millions of
dollars, of which ten thousand millions be-
long to the United States.

The rapidity with which railways are built
In the United States and Canada contrasts
strongly with what has been done In other
countries. Much has been written of the
energy of Russia in building 3.000 miles of
Siberian railway In Ave or six years. In the
United States an average of 6.147 miles was
completed, every year during ten successive
years, and In 1SS7 there were built 12.8S2

miles. The physical difficulties overcome In
Siberia are no greater than have been over-
come here.

This rapid construction Is due to ieveral
causes, the most potent of which liab been
the need of extending railways over great
distances with little money. Hence they
were built economically, and at first In not
as solid a manner as those of Europe. Steep-
er gradients, sharper curves and lighter rails
were used. This rendered necessary a dif-

ferent kind of rolling stock suitable to such
construction. The swivellug truck and
equalizing beam enabled pur engines to run
safely on tracks where the rigid European
engines would soon have been In the ditch.

Our cars were made longer, and by the use
of longitudinal framing much stronger. A
great economy came from the use of an-
nealed cast-Iro- n wheels, with hardened tires,
all In one piece, instead of being built up of
cpokes, hubs and tires in separate parts.
These wheels now seldom break, and cost
much less than European wheels. As there
are some 11,000,000 car wheels in use in the
United States the resulting economy Is
great.

It was soon seen that longer cars would
carry a greater proportion of paying load,
and the more cars that one engine could
draw In a train tha less would be the cost.
It was not until the invention by Bessemer
in lS6i of a steel of quality and cost that
made it available for rails that much heavier
cars ana locomotives couia be used. Then
came a rapid Increase. As soon as Bessemer
rails were made in this country, the cost
fell from Jlu per ton to J50, and now to $26.

Before that time wooden car weighed
sixteen tons and could carry a paying load
of tweaty-flv- e tons. The thirty-to- n engine
of those days could not draw on a level
over thirty cars, weighing 1,230 tons.

The pressed steel car of y weighs no
more than the wooden car. but carries apaying load of fifty tons. The heaviest en-
gines can now draw on a level 100 steel cars,
weighing 6,600 tons. In the one case, the
paying load of an engine was 750 tons: now
It is 6,000 tons.

Steep grades soon developed a hertir
brake system, and these heavier trains have
led to the invention of the automatic brake
worked from the engine, and also automatic
couplers, earing time and many lives. The
capacity of our railways has been greatly
Increased by the use of electric block sig-
nals.

The perfecting of both the railway and Its
rolling stock has led to remarkable results.

Wo have no accurate statistics of the
e.iriy operation of American railways. In
1S67 Poor's Manual estimated their total
freight tonnage at J75.000.000 and the total
freight receipts at $400,000,000. This was on
average rate per ton of $3.83.

In 1833 Poor gives the total freight tonnage
at 975.789.M1 tons, and the freight reoolpts
at 92,436,314, or nn average rato per ton of
ti cents. Had the rates of 1S67 prevailed,
tho additional yearly cost to the publlo
would have been $4,275,000,000, or sufficient to
replace the whole railway system in two and

calf yean.
This Is au Illustration, only, but a. very
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high rates of freight as those of 1867 would
havo checked traffic. This much can surely
be said: The reduction In cost of operating
our railways, and the consequent fall In
freight rates, have been potent factors in
enabling the United States to send abroad
last year $1,456,000,000 worth of exports and
flood the world with our food and manufac-
tured pioducts.

in Bridges Has
Given Place to
And

In early days the building of a bridge was
a matter of great ceremony, and it was
consecrated to protect it from evil spirits.
Its construction was controlled by priests.
as the title of the Pope of Rome, "Ponti-fe- x

Maxlmus," indicates.
Railways changed nil this. Instead of th

picturesque stone bridge, whose long line
of low arches harmonized with the land-
scape, there came the straight girder or
high truss, ugly indeed, but quickly built,
and costing much less.

Bridge construction has made greater
progress in the United States than abroad.
The heavy trains that we have described
called for stronger bridges. The large
American rolling-stoc- k is not used In Eng-
land, and but little on the Continent of
Europe, as the width of tunnels and other
obstacles will not allow of It. It Is said
that there Is an average of one bridge for
every tnree miles of railway in the United
States, making 03,000 bridges, most of which
have been replaced by new and stronger
ones during the lust twenty years.

This demand has brought into existence
many bridge-buildin- g companies, some of
whom make the whole bridse, from the oie
to the finished product.

Beforo the advent of railways, highway
bridges in America were made of wood, and
called trusses. Few of them existed before
railways. The large rivers and estuaries
were crossed In horse boats, u trip more
dangerous than an Atlantic oyage now is.
A few smaller rivers had wooden truss
bridges. Although originally Invented by
Leonardo da Vinci, in the Sixteenth Cen-
tury, they were reinvented by American
caipenters. Some of Buir's bridges aro
still standing after more than one hundred
years' use. This shows what wood can do
when not overstrained and protected from
weather and fire.

The coming of railways required a strong-
er type of bridge to carry concentrated
loads, and the Howe truss, with vertical
iron rods, was invented, capable of
spans.

About 3S6S iron bridges began to take the
place of wooden bridges. Die-rorg- eye-ba- rs

and pin connections allowed or long-
er panels and longer spans. The first long-spa- n

bridge was a single-trac- k railway
bridge of span over the Ohio at
-- incinnau, which was considered to be agreat acnieveir.ent in 1S70.
Tiie Kinzua viaduct, 310 feet high and

over hair a mile long, belongs to this era.
It is the type of the numerous high via-
ducts now so common.

About 1SS5 a new material was given to
engineers, having greater strength and ten-
acity than iron, and commercially available
from its low cost. This is basic steel. Aftermany experiments, the proper proportions
of carbon, phosphorus, sulphur, and man-
ganese were ascertained, and uniformity re-
sulted. The open-hear- th process is now gen-
erally used. Tills new chemical metal, for
such It is. is 50 per cent stronger than Iron,
and can be tied In a knot when cold.

The effect of improved devices and the
use or steel is shown'by the weights of the

400-fo- Ohio River Iron bridge, built In
1870. and a bridge at the same place, built
in 1SSS.

The bridge of 1870 was of Iron, had panels
twelve feet long, and Its height was forty-fiv- e

feet, and span 400 feet.
Tho bridge of 1SS6 was of steel, had pan-

els thirty feet long, and Its height was
eighty feet. Its span was 600 feet. The I r.
weights of the two were nearly alike.

The cantilever design, which is a revival
of a very ancient type, came Into use. Thegreat Forth bridge, in Scotland. 1,600-fo- ot

span, is of this style, as are the
spans at Poughkeepsie, and now a new one
Is being designed to cross the St. Lawrence
near Quebec, of 1,800-fo- span.

This Is probably near the economic limit
of cantilever construction, but the suspen-
sion bridge can be extended much farther,
us It carries no dead weight of compres-
sion members.

The Niagara Suspension Bridge, of
span, built by Roebllng In 1852. and theBrooklyn bridge, of l.bOu feet, built by Koeb-lln- g

and his son. twenty years after, markeda wonderful advance In bridge design.
linriy years later, when a new bridge of

1.CO0 feet was wanted to cross another part
or the East River at New York, the same
lines of construction were followed, and they
will be followed In the 2.700-fo- span, de-
signed to cross the North River, some time
in the Twentieth Century. The only radical
advance Is the use or a better steel than
could be had in earlier days.

Steel-arche- d bridges now are scientifically
designed. Sucli are the new Niagara bridge,or span, and the Alexandra bridge,
at Paris.

It Is curious to see how little Is said about
these beautiful bridges, which the public
takes as a matter of course. If they had
been built .fifty years ago their engineers
would have received the same praise as
jtoQeri siepnenson or Hocbllng. and iu'tlv
so, as they would have been men of excep--
ffnn.l n.Ml..n 1 .1 ...iivum Bciuiis. 1, jich mese nrnipes were
built, in 1898, the path had been made so
clear by mathematical Investigation and the
command of a better steel, that the task
seemed easy.

Victoria Bridge at Montreal
Marks Great Advance.

That which marks more clearly than any-
thing else the great advance in American
Dridge building, during the last forty years, by
is the reconstruction of the famous Victoria
bridge, over the St. Lawrence, above Mon-
treal. This bridge was designed by Robert
Stephenson, and the stone piers are a monu-
ment to his engineering skill. For forty
winters they have resisted the great fields
of ice borne by a rapid current Their di-

mensions were so liberal that the new bridge
was put upon them, although four times as
wide as the old one.

The superstructure was originally made of
plato-lro- n tubes, by tees and an
gles, similar to Stephenson's Menal Straits
bridge. There are twenty-tw- o spans of 240
feet each and a central one ot 330 feet. Per-
haps these tubes were the best that could be
had at the time, but they had outlived their
usefulness. Their interiors had become
greatly corroded by the confined gases from
the engines and the drippings from the at
chemicals used in cold-stora- cars. Their
height was Insufficient for modern large
cars, and the confined smoke made them so
dark that the number of trains was greatly
limited.

It was decided to build a new bridge of
open-wor- k construction and ot open-heart- h

steel. This was done, and the comparison
is as follows: Old bridge, sixteen feet wide,
single track, live load of one ton per foot;
now bridge, sixty-seve- n feet wide, two rail-
way

th1
tracks and two carriage ways, live "

load, fl-- e tons per foot
Th- - old iron tubes weighed 10.00 tony,

cost $2,713,000, and .ook two s.asors to erect
Tho new trura br'die weighs 2i.U tons, has
cost between $1,300,000 and $1,430,0;$, and the of
time of csnstiuct'on was one yeai

During hi3 expaiience thu writer has sees
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Picturesqueness
Cheapness

Ugliness.

the rolling load of bridges increase from
8,000 to 4,000 pounds per lineal foot of track,
with an extra allowance for concentrated
loads.

The modern high office building is an in-

teresting example of the evolution of a hlgh- -
vladuct pier. Such a pier of the required di-

mensions, strengthened by more columns
strong enough to carry many floors. Is the
skeleton frame. Inclose the sides with brick,
stone or tcrra-cott- a, add windows and
doors, and elevators, and It Is complete.

Fortunately, for 'the stability of these high
buildings, the effect of wind pressures had
been studied In this country In the designs
of the Klnzau, Pecos and other high via-
ducts.

Effect of Wind Pressure on
High Office Buildings.

All this had been thoroughly worked out
and known to our engineers before the fall
of the Tay bridge in Scotland. That disas-
trous event led to very careful experiments
on wind pressures by Sir Benjamin Baker,
the very eminent engineer of the Forth
Bridge. His experiments showed that a wind
gauge of 300square feet area showed a max-
imum pressure of thirty-fiv- e pounds per
square foot, while a small one of one and
one-ha- ir square feet area rexlstered gusts
of forty-on- e pounds per square foot.

The modern elevated railway of cities is
simply a very long railway viaduct. Ijomo
idea may be gained of the life of a modern
rlvetted-lro- n structure from the experloncs
of the Manhattan Elevated Railway cf New
York. These roads were built In 1S7-7- S to
carry uniform loads of 1,600 pounds per
lineal foot, except Second avenue, which
was made to carry 2,000. Tho stresses were
below 10,000 pounds per square Inch.

These viaducts have carried in twenty-tw- o

years over 25.000.000 trains, weighing
over 3.000.000.000 tons, at a maximum speed
of twenty-fiv- e miles an hour, and are still
in good order.

Bridge engineers of the present day are
free from the difficulties which confronted
the early designers of Iran bridges. The
mathematics of bridge design was under-
stood in 3S70. but the proportioning cr de-

tails had to be worked out Individually.
Every new span wns a new problem. Now
the engineer tells his draftsman to de-

sign a span or a given length, height and
width, and to carry such a load. By the
light of experience ho does this at cnc.

Connections have become standardized so
that the duplication or parts can be can led
to its fullest extent.

Machine tools are used to make e'.ery
part of a bridge, and power rivetters to
fasten them together. Great accuracy can
now be had, and the sizes of parts have In-

creased in a remarkable degrej.
We have now great bridge compinies,

which are so completely equipped with
for both shop drawings and con-

struction that the old joke becomes almost
true that they can make bridges and sell
them 'by the mllet

All improvements of design are now publlo
property. All that the bridge companies no
Is done in the fierce light of competition.
Mistakes mean ruin, and the fittest only
survives.

Having such powerful aids, the American
bridge engineer of y has advantages
over his predecessors and over his European
brethren, where the American system has
not yet been adopted.

The American system gives the greatest
possible rapidity of erection of the bridge
on its piers. A span of 518 feet, weighing
1,000 tons, was erected at Cairo on the Mis-
sissippi In six days. The parts were not
assembled until they were put upon the
false works. European engineers have some-
times ordered a bridge to be rlvetted to-
gether complete In the makers yard, and
then taken apart.

The adoption of American work In such
bridges as the Atbara In South Africa, the
Goktelk viaduct In Burmah, 320 feet high.

"ue-lo,o-
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livery and erection, well as iexcellence ot ,
material and construction.

Superiority of the American
System. The St. Louis and
Brooklyn Bridges.

Bridges must have foundations tor their
piers. Up to the middle or the Nlnteenth
Century engineers knew no better way or
making them than by laying bare the bed
or the river by a pumped-ou- t cofferdam, or
by driving piles into the sard, as Julius
Caesar did. About the middle of the cen-
tury a French engineer conceived the first
plan of a pneumatic foundation, which led
to the present system of compressing air by
pumping it into an Inverted box. called a
caisson, with air locks on top to enable men
and materials to go In and out. After the
soft materials were removed, and the cals-bo- n

sunk by Its own weight to the proper
depth. It was filled with concrete. The limit
of depth Is that In which men can work in
compressed air without Injury, and this is
not much over 100 feet.

The foundation of the Brooklyn and St.
Louis bridges were put down In this man-
ner.

In the construction or the Poughkeepsie
bridge over the Hudson In 1887-- It became
necessary to go down 135 feet below tlde-lev- tl

before hard bottom was reached.
Another process was Invented to take the
place of compressed air. Timber caissons
were built, having double sides, and the
spaces between them filled with stone to
give weight. Their tops were left open and
the American single-buck- dredge was
used. This bucket was lowered and lifted
by a very long wire rope worked by the
engine, and with It the soft material was
removed. By moving this bucket to differ-
ent parts of the caisson Its sinking was
perfectly controlled, and the caisson final-
ly placed In its exact position, and per-
fectly vertical. The Internal space xms
then filled with concrete laid under water

the same bucket, and leveled by divers
when necessary. '

While this work was going on, the Gov-
ernment of New South Wales in Australia
called for both designs and tenders for a
bridge over on estuary of the sea called
Hawkesbury-- The conditions were tho
same as at Poughkeepsie, except that the
sort mud reached to a uept of 160 feet be-

low tide-leve- l.

The designs or the engineers or the
Poughkeepsie bridge were accepted, and
the same method or sinking open caissons
(in this case made of Iron) was carried out
with perfect success.

The erection of this bridge involved an-
other difficult problem. The mud wns too
soit and deep for piles and staging, and
the cantilever system In this site would
have increased the cost.

A staging was built on a large pontoon
the shore, and the span erected upon it

The whole was then towed out to the bridge
site at high tide. As the tide fell, the pon
toon was lowered ana tno steel girder was
placed gently on its piers. The whole op-

eration was completed within six hours.
The other five spans were placed In the
same manner.

The same system was followed after-
wards by the engineer of the Canadian Pa-
cific In placing the spans of n bridge ovor

St. Lawrence, in a very rapid curront
1 now used in replacing old span by nuir

cnes, as it Interrupts trnRlu for tho lesst
pcFf'tle time.

Tho solution of the problems presented at
Hawkesbury gave the second Introduction

American engineers to I -- ins
outside of America, The first was in 17Sd,

when an American oarpenUr or shipwright

built a bridge over Charles River at Boston,
1,470 feet long by forty-si- x feet wide. This
bridge was of wood supported on piles. His
work gained for him such renown that
he was called to Ireland and built a sim-
ilar brldgo at Belfast.

Tunneling by oompressad air la a horizon-
tal application of compressed-ai- r founda-
tions. The earth is supported by an Iron
tube, which is added to in rings, which arc
pushed forward by hydraulic jacks.

A tunnel Is now being made under an arm
of the sea between Boston and East Bos
ton, some 1,400 feet long and sixty-fiv- e feet
below tide. The interior lining of Iron tubing
is not used. The tunnel Is built of concrete,

by steel rods. This will effeot a
considerable economy. Success in modern
engineering means doing a thing in the
most economical way consistent with safety.

The St Clair Tunnel, which carries the
Grand Trunk Railway of Canada under the
outlet of Lake Huron, is a successful ex-
ample of such work. Had the North River
Tunnel, at New York, been designed on
equally scientific principles. It would prob-
ably have been finished, which now seems
problematical.

The construction of rapid-trans- it railways
in cities Is another branch of engineering,
covering structural, mechanical and elec-
trical engineering. Some of these railways
are elevated, and are merely railway via-
ducts, but the favorite typo now Is that of
subways. There are two kinds, those near
the surface, like the district railways of
London, the subways in Paris, Berlin and
Boston, and that now building in New York.
The South London and Central London, and
other London projects, are tubes sunk fifty
to eighty feet below the surface and requir-
ing elevators for access. These are made
on a plan devised by Greathend, and consist
ot cast-iro- n tubes pushed forward by hy-
draulic rums, and having the space outside
of the tube filled with liquid cement pumped
into place.

The construction of the Boston subway
was difficult on account of the small width
of the streets, their great trattlc and the ne-
cessity of underpinning the foundations of
buildings. All of this was successfully done
without disturbing the tralllc fur a single
day, and reflects great credit on the engi-
neer. Owing to the great width of New
York streets, the problem Is simpler In that
respect, but requires skill In design and or
ganization, to complete tha work, in a short
time. Although many limes as long as the
Boston subway, it will bo built In nearly
tho same time. The design, where In earth,
may bo compared to that of a steel office
building twenty miles long, laid Hat on one
of its sides. The reduplication of parts
saves time and labor, and Is the key to
tho anticipated rapid progress. Near the
surface this subway is built in open excava-
tion, and tunneling Is confined to rock.

Tho construction of power-house- s for de-

veloping energy from coal and from falllnjt
water requires much structural besides elec-
trical and mechanical engineering ability.
The Niagara power-hous- e is intended to de
velop 100,000 horse-powe- r; that at the Saulte
Stc. Maria as much: that on the St. Law-lcne- e,

at Massena, 70,000 horse-powe- r. These
are huge works, requiring tunnels, rock-c- ut

chambers and masonry and concrete in
walla and dams. They cover- - large extents
of territory.

The contrast In size of the coal-usin- g

Is

no

Is The new pow- - ; from Lake Erie to the and which
now building by ,the Manhattan

'
would have been so built If there had been

E.evated Railway, in New lork, ueveiops enough'
in the small space of 200 by 410 feet 10J,tM The question now Is whether to enlarge

or as much power as that the capacity of thl canal by gravity,
at Niagara Falls. larglng its and or to Increase

One of most usefulmaterlufa which speed and move more In a season by
inoueru engineers now" make use of is con- - electrical The last Feems
crete, which can bo put Into confined more In line with those of the present day.
spaces and laid under water. It costs less There be a waterway the
than masonry, whilo us strong. This Is the j to Lak? Erie enough for al

of tho use of a material used by sels able to navigate the lakes and the
Romanr. The writer waB once allowed I ocean. A draft of twenty-on- e feet can be

had, at a cost estimated at $200,000,000.to climb a and look at the construe- -

Hon of a. dome of the Pantheon, at Rome.
He found It a monolithic mus3 of concrete,
and henca without thrust. It is a better
piece of construction than .,.." '
dome of St. Peter's, built 1.5.0 years later.
The dome of Columbia College Library, In
New York. Is built of concrete.

Concrete Is a mixture of or
gravel, sand, and Portland cement.lts vir-

tue depends upon the uniform good quality
ot the cement. The use or the rotary kiln,
which all the contained material to
a un'.form and constant Inte.iso heat, has
revolutionized the or Port-
land cement. The engineer can now depend
upon its unlforlty of strength.

Wheels, axles, bridges nnd r Jls have nil
been to carry their Increased
loads; but, strange to say, the splices which
hold In placo the ends of the rails, and
which aru really short-spa- n bridges, are
now the weakest tart of a railway. The
angle-ba- r splice has but one.-thlr- d of the
strength of the rail, and Its strength can-
not be lncrenscd. owing to its want of
depth. Joints go down under every passing
wheel, and the ends of the rails wear out
long the rest.

This is not an insignificant detail. It has
been estimated by the officers of one of tha
trunk lines that a splice or proper design
and strength would save yearly enough In
track labor (most or which is expended in
tamping up low joints) to buy all the new
rails and fastenings required In same time.
It --tould save much more than that in the
wear of rolling-stoc- A perfect joint would
be an economic device next in value to the
Bessemer steel rail. Here Is a place for
scientific and practical skill.

HYDRAULIC ENGINEERING.
This is one or the oldeBt branches or en-

gineering, and was developed beforo the
last century. The Irrigation works of Asia,
Africa, Spain, Italy, the Roman aque-
ducts, and the canals of Europe, are ex-

amples. H)draul!c works cannot be con-
structed in Ignorance of the laws which
govern the flow of water. Tho action of
water Is relentless, as ruined canals, ob-

structed rivers and washed-ou- t dams do
testify.

The principal additions of the Nineteenth
Century to hydraulic are the
collection of larger statistics of the flow
or water In pipes and channels, or rainfall,
run-o- ana available supply. It is now
known that the germs of disease can he

by ordinary sand filters, and it is
now an established fact that pure drinking
water and proper drainage are a sure pre-
ventive of typhoid and similar fevers. Very
foul water can be made potable. ExDeri- -
ments show that the water of the Schuyl-
kill River at Philadelphia, which contains
400,000 germs in the space of less than a
cubic inch, was so much purified by filter-
ing that only sixty remained. This Is a
discovery of sanitary science, but the ap-
plication or It is through structural en-
gineering, which designs and executes the
filter beds with great economy.

The of sewage, after having been
done by the Etruscans before the foun
dation of Rome, became a lost art during
the dirty Dark Ages, when filth and piety
were deemed to be connected In some mys-
terious way.

John "Wesley on Cleanliness and
Its Relation to Sewerage Systems.

It was reserved for good John Wesley to
point out that "cleanliness is next to godli-
ness." Now sewerage works are as common
as those for water supply. Soma of them
have been or great size and cost. Such aro
the drainage of London, Paris,

Boston, Chicago and New Orleans, A
very diffloult work was the drainage of th'
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City of Mexico, which in a sur-
rounded by mountains, and elevated only
four or five feet above a lake having
outlet. Attempts to drain the lake have
beta made In vain for 600 years. It has
lately been accomplished by a tunnel six
miles long through the mountains and a
canal of over thirty miles, the whole work
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costing some $20,000,000.
The drainage of Chicago by locks and

canal into the Illinois River has cast some
$35,000,000, and is well worth its cost.

Scientific research has been applied to
the designing of high masonry and concrete
dams, and we know now that no

dam on a good foundation should
fall. The dams now building across the
Nile by order of the British Government
will create the largest artificial lakes in
the world. The water thus stored will be
of inestimable value in irrigating the crops
of Lower Egypt Their cost, although great,
will not exceed the sums spent by lavish
Khedive Ismail on useless palaces, now fall-
ing to decay.

Tho Suez Canal Is one of the greatest hy-
draulic works of the last century, and is a
notable Instance of the displacement of
hand labor by the use of machinery. Is-
mail began by impressing a large part of
the peasant population of Egypt, Just as
Rameses had done over 3,000 years before.
These unfortunate people were set to dig
In the sand with rude hoes, and carry it
away In baskets on their head?. They dlod
by thousands for want or water and prop-
er food. At last the French engineers per-

suaded the Khedlvo to let them introduce
steam dredging machinery. A light railway
was laid to supply provisions, and a small
ditch due to bring pure water. The numter
of men employed fell to Ma-
chinery did tho rest. But for this the canal
would never have been finished.

Tho Panama Canal now uses tho best
modern machinery, and tha Nicaragua
Canal, if built, will apply still better meth
ods developed on the Chicago Drainage
Canal, where material was handled at a
less cost than has ever been dono before.

Russia is better supplied with internal
waterways than any other country. Her
rivers rise near each other, and havo long
been connected by canals. It is stated that
she has over CO.OOO miles of Internal navi-
gation, and is now preparing the construc-
tion of canals to connect the Caspian with
the Baltic Sea.

Tho Erie Canal was one of very small
cost but Its Influence has been surpassed
by none. The "winning of the West" was
hastened many years by the construction of
this work In the first quarter of the cen-
tury. Two horsea, were Just able to draw
a ton of goods at the speed of two miles
nn hour over the wretched roads of those
days. When the canal was made these
two horses could draw a boat carrying 150

tons four miles an hour. Mud, or, la other
words, friction, is tho great enemy of civi-
lization, and canals were the first things
to diminish it, and after that railways.

The Erie Canal.was made by engineers.
but It had to make its own engineers first
as there were none available In this coun
try at that time. These self-taug- ht men.
some of them land surveors and others
lawyers, showed themselves the equals of
the Englishmen. Brlndley and Smeaton.
when they located a water route through
the wilderness, having a uniform descent

Vessels From New York to
Kf T.nnls hv Wrv nf Gront LnkPS.

The deepening of the Chicago Drainage
Canal to the Mississippi River, and the
deepening of the Mississippi Itself to the
Gulf of Mexico. Is the logical sequence of
tho first project. The Nicaragua Canal
would then form one part of a great line
of navigation, by which the products of
the interior of the continent could reach
either the Atlantic or Pacific Ocean.

The cost would be small, compared with
the resulting benefits, and some day this
navigation will be built by the Government
of the United States.

Tho deepening of the Southwest Pass of
the Mississippi River from six to thirty
feet by James B. Eads was a great enei-neeri-

achievement. It was the first appli-
cation of the Jetty system on u large scale.
This is merely confining the flow of a river
and thus Increasing its velocity, so that it
secures a deeper channel for Itself.

The Improvement of harbors follows close-
ly the Increased size ot ocean and lako ves-
sels. The approach to New York harbor
is now being deepened to forty feet, a thing
impossible to be done without the largest
application of steam machinery in a suc-
tion dredge boat.

The great increase of urban population,
due to steam and electric railways, has
made works of water supply and drainage
necessary everywhere. Some of these aro
on a very grand scale. An illustration of
this Is the Croton Aqueduct or New York
as it now-- Is and as It will bo hereniter.

Tills work was thought by its designers to
be on a scale large enough to last for all
time. It Is now less than sixty years old,
anil the.population of New York will soon
be too large to be supplied by it.

It is able to supply 250,000,000 to 300.000,000
gallons daily, and its cost, when the Cornell
dam and Jerome Park reservoir are fin-

ished, will be a little over $92,000,000.

It Is now suggested to store water In the
Adirondack Mountains, 203 miles away, by
dams built at the outlet of ten or twelve
lakes. This will equalize the flow ot the
Hudson River so as to give. 3,000,000,000 to

gallons dally. It Is then proposed
to pump 1.000,000,000 gallons dally from tho
Hudson River at Poughkeepsie, sixty miles
away, to a height sufficient to supply the
city by gravitation through an aqueduct
This water would be filtered at Poughkeep-
sie, and we now know that all Impurities
can be removed.

If this scheme Is carried out, the total
supply will be about 1,300,000,000 gallons
daily, or enough for a population ot from
12.000,000 to 13,000,000 persons. By putting in
more pumps, filter beds and conduits, this
supply can be increased 40 per cent, or to
1,800,000,000 gallons dally. This water would
till every day a lake one mile square by ten
feet deep. This Is a telr example or the scale
of the.englneerlng works or the Nineteenth
and Twentieth centuries.

By the application or modern labor-savin- g

machinery, tho cost or this work can be so
far controlled that the cost to the city ot
New York per 1,000,000 gallons would be no
greater than that or the present Croton
supply.

AU worki of hydraullo engineers depend
on water. But what will happen ir the
water all dries up? India, China, Spain,
Turkey and Syria have suffered from
droughts, caused clearly by the destruction
of their forests. The demand for paper to
print books and newspaperrTupon, and for
other purposes. Is fast converting our for-
ests Into pulp. We cannot even say, "After
us the deluge," for It will seldom rain In
those evil days. When the rains do como.
the sponge-lik- e vegetation of the forests
being gone, tho streams will ba torrents at
one time of th year and dried up during
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the rest, as we now see in the arid regions
of the West

The Steam Engine's Growth
Marks the Progress of the Century.

Mechanical engineering is employed In all
dynamical engineering'. It covers tho de-

signs of prima motors of all sorts, steam,
gas and gasoline reciprocating engines; also

team and water turbines, wind-mil- ls and
wave-motor- s.

It comprises all means of transmitting
power, as by shafting, ropes, pneumatic
pressure and compressed air, all of which
seem likely to be superseded by electricity.

It covers the construction of machine
tools and machinery of all kinds. It en-

ters into all tho processes of structural,
hydraulic, electrical and industrial engi-
neering. The special Improvements are:
Tho almost universal use of rotary motion
and of the reduplication of parts.

The steam engine la a machine of recipro-
cating, converted into rotary, motion by the
crank. The progress of mechanical engi-
neering during the Nineteenth Century is
measured by the Improvements of the steam
engine, principally In the direction of sav-
ing fuel, by the Invention of Internal com-
bustion or gas engines, the application of
electrical transmission, and. latest, the
practical development of steam turbines, by
Parsons, Westinghouse, Delaval, Curtis and
others. In these a Jet of steam Impinges
upon buckets set upon the circumference of
a wheel. It was clearly Indicated by the
Italian engineer Bronca, in 1629. but he was
too early. The time was not ripe, and there
were then no machine tools giving the per-

fection of workmanship required.
Their advantages are that their motion is

rotary and not reciprocal. They can de-

velop speed of rrom 6,000 to 30,000 revolu-
tions per minute, while the highest ever at-

tained by a reciprocating engine Is not over
1,000. Their thermodynamic losses are less,
henco they consume less steam and less
fuel.

It is a very interesting fact that the ba-

sic Invention upon which not only steam
turbines and electric' dynamos, but indeed
all other parts of mechanical engineering,
depend Is or such remote antiquity that
we know nothing of its origin. This is tho
wheel which Gladstone said was the great-
est of man's mechanical inventions, as
there is nothing in nature to suggest it.

Duplication of parts has lowered tho cost
of all products. Clothing is one of these.
The parts of ready-mad- e garments and
shoes are now cut Into shape in numbers
at a time, by sharp-edge-d templates, and
then fastened together by sewing machines.

Mechanical engineering Is a good example
of the survival of the fittest Millions or
dollars are expended on machinery, when,
suddenly a new discovery or invention
casts them all Into tho scrap heap, to bo
replaced by those of greater earning ca-

pacity.
Prime motors derive their energy either

crom coal or other combinations of carbon,
such as petroleum, or from gravity. This
may come from falling water, and the

water wheels of the Eighteenth,
Century were superseded in the Nineteenth
by turbines, first Invented in France and
since greatly perfected. These are used In
the electrical transmission of water power
at Niagara of 5,000-hor- power and form
a very Important part of the plant

The other gravity motors are windmills
and wave motors. Windmills are an old
invention, but have been greatly Improved
In the United States by tho use of the self-reefi-

wheel. The great plains of tho
West are subject to sudden, violent gales
of wind, and unless the wheel was auto-
matically self-reefi- it would often bo
destroyed. Little has been written about
these wheels, but their use is very widely
extended, and they perform, a most useful,
function in industrial engineering.

Saving of Nature's Stores Is
The Problem of To-Da- y.

There have been vast numbers of patents
taken out for wave motors. One was In

vented in Chill, South America, which fur-
nished a constant power for four months,
and was utilized in sawing planks. The ac-

tion of waves Is more constant on the Pa-

cific Coast of America than elsewhere, and
some auxiliary power, such as a gasoline
engine, which can be quickly started and
stopped, must be provided for use during
calm days. The prime cost or such a ma-

chine need not exceed that or a steam plant,
nnd the cost ot operating Is much less than
that of any engine. Tho saving
of coal Is a very Important problem. In a
wider sense, we may say that the saving
of all the great stores which nature has laid
up fcr us during the past, and which have
remained nlmost untouched until tho Nine-
teenth Century, is tho great problem of to-

day.
Petroleum and natural gas may disappear.

The ores of gold, silver and platinum will
not last rorever. Trees will grow, and iron
ores seem to be practically inexhaustible.
Chemistry has added a new metnl In alu-

minum, which replaces copper for many
purposes. One of the greatest problems of
the Twentieth Century Is to discover soma
chemical process for treating Iron by which
oxidation will not take place.

Coal, next to grain. Is the most Important
of nature's gifts. It can be exhausted or the
cost of mining It become so great that it
cannot be obtained in the countries where
it Is most needed; water, wind and wave
power may take its place to a limited ex-

tent, and greater use may bo made of the
waste gases coming rrom blast or smelter
furnaces, but as nearly all energy comes
from coal. Its use must be economized, and
the greatest economy will come from pul-

verizing coal and using it in tho shape of a
fine powder. Inventions have been made try-
ing to deliver this, powder into tho fire-bo- x

as fast as made, for It Is as explosive as
gunpowder nnd as dangerous to storo or
handle. It this can be done, there will be
a savins of coal due to perfect and smoke
less" combustion, as the admission of air
can be entirely regulated, the same blast
which throws in the powder furnishing oxy
gen. Some Investigators have estimated that
the saving of coal will be as great as 20
per cent. This means 100.000,000 tons of coal
annually.

Bituminous coal will then be as smokeless
as anthracite, and can be burned in locomo-
tives. Cities will be free from the nuisance
of wasted coal, which we call.soot. This
process will be the best kind of mechanical
Btoklng. and will prevent the necessity of
opening the doors ot s. The boiler-roo-

of steamships will no longer be
"floating hells." and the firing of large loco-

motives will become easy.
Another problem of mechanical engineer-

ing is to determine whether it will be round
more economical to. transrorm the energy of
coal, at the mines. Into electric current and
send it by wire to clUes and other places
where it Is wanted, or to carry the coal by
rail or water, as we now do, to such places,
and convert It there by the steam or gas
engine.

Question of the Method of
Transmission of Power.

In favor of the first method it can bo said
that hills of refuse coal now representing:
Iockd -up capital can be burned, and the
coat of ru(noitaUon and handling" b
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saved. Electric energy can now transport
power ir. high voltage economically between
coal mines and most largo cities.

The eecond method has the advantage of
not depending on one single source of sup-
ply, that may break down, but in having the
energy stored in coal pockets near by tha
place of use, where it can be applied to sep-
arate units of power with no rear or failure.

It seems probable that a combination of
the two systems will produce the best re-

sults. Where power can be sent electrically
from the mines for less cost than the coal
can be transported, that method will be
used.

To prevent stoppage of works, the sepa-
rate motors and a store of coal, to bo used
in cases of emergency, will still be needed.
Just as has been described as necessary to
tho commercial success of wave motors.

Any attempt by the writer of this article
to trace the progress of electricity would,
be but a vain repetition, after tho ad-
mirable manner in which the subject has
been treated la a former paper of this se-

ries by Professor Ellbu Thomson.
We can only once more emrhasize the

fact that It Is by tho union of four separate
classes or minds scientific discoveries, in-
ventors, engineers and capitalists that this
vast new Industry has been created, which
gives direct employment to thousands, and,
as Bacon said CM) years ago, has "endowed
the human race with new powers."

All the processes of metallurgy and min-
ing employ statical, hydraulic, mechanical
and electrical engineering; Coal, without
railways and canals, would bo or little use.
unless electrical engineering came to its
aid.

It was estimated by the late Lord Arm-
strong that of the 450.000.000 to 500,000,OM
tons of coal annually produced in the world,
one-thi- rd is used for steam production, one--I
third In metallurgical processes, and one-thi- rd

for domcstlo consumption. This last
item seems large. It is the moil im-
portant manufacturing Industry in th
world, as may be seen by comparing the
coalless condition of the Eighteenth Cen-
tury with coal-usin- g condition of the NIn-Uen- th

Century.
Next in importance comes the production

of iron and steel. Steel, on account cf itsgreat cost and brittleness. was only used
for tools and special purposes until past
the middle of tho last century. This has
been all changed by the Invention of his
steel by Bessemer in 1864, arid oFen-bear- th

steel In tho furnace of Siemens, perfected
some twenty years since by Gilchrist and
Thomas.

The United States havo taken the lend
In steel manufacture. In 1S?J Great Britain
made three times as much steel as th
United States. Now the United States
makes twice, as much as Great Britain, or
40 per cent of all the steel made in the
worlds , S

Mr. Carnegie has explained thef reason
why, in epigrammatic phrase: "Three
pounds of steel billets can- - bo sold for 2
cents."

This stimulates rail and water traffic and
other industries, as he tells us ono pound of
ste-e-l requires two pounds of ore, one and
one-thir- d pounds of coal and one-thi- of a
pound of limestone.

It is not surprising, therefore, that the
States bordering on the lakes bave'createil
a traffic of 25,000,000 tons yearly through tha
Sault Ste. Marie Canal, jvbile the Suez,
which supplies the wants of half the popu-
lation of the world, has only 7,000,000, or less
than the tonnage of the little Harlem River
at New York.

Industrial Engineering Is the
Child of the Nineteenth Century.

This leads us to our last topic, for whichtoo little room has been left Industrial en-
gineering covers, statical, hydraulic, me-
chanical and electrical engineering, and addsa new branch which we may call chemical
engineering. This is a child
of the Nineteenth Century, and Is the con-
version of one thing into another by aknowledge of their chemical constituents.

When Dalton first applied mathematics to
chemistry and made it quantitative, he gavo
the key which led to the discoveries of Cav-
endish, c, Berzellus, Lieblg and
others. This new knowledge was not lockedup, but at once given to the world and madeuse or. Its first application on a large scalewns made by Napoleon In encouraging the
manufacture of sugar from beets.

The new products were generally made
from what wore called "waste material."We now have the manufacture of socVi
bleaching powders, aniline dyes nnd otherproducts or the distillation of conl.nlso coal
oil from petroleum (known fifty or slxtyyears ago only as a horse medicine), acety-
lene gas, celluloid, rubber goods in all theirnumerous vnrletics. hIKh explosives, cementartificial manures, artificial ice. beet sugar
and even beer may now be Included.

Through many ages the alchemists, grop-
ing in the dark nnd In ignorance or mture'alaws, wasted their time In trying to find
w?.a! l!ey calIcu th Philosopher's stone,
which they hoped would transform tho baser
metals Into gold.

If such a thing could he found It would
be a curse, as It would take away one ofthe mort useful instruments we have a
fixed standard of value.

In a llttlo over 100 years thoe working by
the light of science have found the true
philosopher's stone In modern chemistry.
The value of only a part of these new prod-
ucts exceeds the nominal value of, all thegold in the world.

The value of our. mechanical and cheml- -
cal products Is great, but It Is surpassed bythat of food products. If these did not keep
paco with the increase of population, tho
theories of Malthus would bo true, but henever saw a modern reaper.

The steam plow was Invented In England
some fifty years since, hut the great use ofagricultural machinery dates from our Civil
War, when so many men wero tnlrnn fmm
agriculture. It became necessary to fill
their places with machinery! Withouttracing the steps which havo led to It we
may say that the comomn type Is what Is
called the "binder," and Is a machine
drawn chiefly by animals, and In soma
cases by a field locomotive.

It cuts, rakes and binds sheaves of grain
at one operation. Sometimes thrashing and
winnowing machines are combined with it,
and tho grain is tlellvered into bags ready
for the market. .

Different machines are used for cutting
and binding corn, and for mowing and rak-
ing hay. but the most Important of all 19
the grain-binde- r. The extent of their usemay be known from the fact that 73 COO tons
of twine are used by these machines an-
nually.
It i3 estimated that there are in the

United States 1.500,000 of these machines,
but as the harvest is earlier in the South,
there are probably not over 1.000,000 In usaat one time. As each machine takes th2place of sixteen men, this means thatmen are released from farming for
other pursuits.

The "man with the hoe" has disappeared
from the real world, and is only to bo
found In the dreams of poets.

It is fair to assume that a large part of
these 16.000.000 men have gone Into manu-
facturing, the operating of railways and
other Pursuits. Tha use of urrimifiu-n- i
machinery, therefore. Is one explanation ofwhy the united States produces eight-tent- hs

of the world's cotton and corn, one-Quar-ter

of its wheat ona-thi- rri nr it. m,r
and Iron, two-fift- of Its ateeL and one- -
third of Its coal, and a lam Dart of thaworld's ?Z i-- ,
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